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[57] ABSTRACT 
A method for printing using a pyroelectric material. A 
potentially pyroelectric material, whose dipoles can be 
oriented, is selectively and permanently poled to form 
a permanent pattern which corresponds to a graphic 
representation. 
The permanently, selectively poled material is heated 
or cooled, thereby forming a charge pattern 
corresponding to the graphic representation and toner 
powder placed on the material to form a pattern 
which can be transferred to a sheet of paper and fused 
thereto to form a printed page. The heating, toning, 
transfering and fusing can be repeated to print 
multiple copies. 

11 Claims, 2 Drawing Figures 
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PRINTING USING PYROELECTRHC FILM 

BACKGROUND‘ OF THE INVENTION 

In one aspect this invention relates to pyroelectric 
materials. In a further aspect, this invention relates to 
pyroelectric polymeric ?lm materials. In yet a further 
aspect, this invention relates to a method for printing 
using pyroelectric materials. 

It is known that the dipoles ofa pyroelectric material, 
e.g., polyvinylidene ?uoride ?lm, which is biaxially ori 
ented by the method of production, can be perma 
nently poled by heating the material above a dipole 
orienting temperature and then cooling the material in 
the presence of an electric ?eld, see Bergman et al., Ap 
plied Physics Letters, Vol. 18, No. 5, Mar. 1, 1971. 
Use of a system of lamp and lens to form a tempera 

ture image on a pyroelectric ?lm has been disclosed, 
see “Photoelectric Copying Process,” Applied Physics 
Letters, Vol. 21, No. 10, Nov. 15, 1972, pp. 497 — 499. 
The resulting image can be used to copy by contacting 
the ?lm with a charged ink which adheres to the elec 
trostatic charge produced on the surface. 
Also known is the use of a plurality of pyroelectric 

photoconductive crystals on a supporting substrate to 
form copies. The crystals are exposed to a light source 
passed through a pattern forming a charge on the crys— 
tals which is simultaneously drained away by the photo 
conductive effect. When the light source is removed a 
differential charge remains which will attract toner 
powder, see US. Pat. No. 3,713,822. 

SUMMARY OF THE INVENTION 

Briefly, it has been found that pyroelectric materials, 
such as polyvinylidene ?uoride ?lm, can be used as 
printing masters. A portion of the material is perma 
nently poled by heating the material and exposing it to 
an electric ?eld which is varied in accordance with a 
pattern to be printed, the electric ?eld being suf? 
ciently strong to orient a portion of the dipoles in a con 
?guration corresponding to the pattern. Conversely, 
the material can be selectively heated in accordance 
with the pattern to be printed and cooled in the pres 
ence of an electric ?eld to orient the dipoles in accor 

dance with the pattern. 
The selectively and permanently poled ?lm is heated 

above or cooled below ambient temperature to develop 
a charge pattern on the surface of the ?lm correspond 
ing to the dipole oriented pattern. The charge pattern 
will attract oppositely charged toner powder which can 
be transferred to paper or other suitable substrates and 

fused thereto using techniques well known in the art. 
The charge pattern can be repeatedly formed by heat 
ing or cooling the selectively and permanently poled 
?lm allowing the ?lm to be used as a printing master for 
making as many copies as may be desired. 

BRIEF DESCRIPTION OF THE DRAWING 

In the accompanying drawing: 
FIG. 1 is a perspective view of one apparatus useful 

in the practice of this invention for selectively and per 
manently poling a pyroelectric material; and 
FIG. 2 is a perspective view of an apparatus used ac 

cording to the method of this invention to print using 
a selectively, permanently poled polymeric sheet. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Normally the dipoles of a pyroelectric material are 
presented in a random fashion. When the pyroelectric 
material is heated above its poling temperature and an 
electric ?eld applied, the dipoles are oriented. The ma 
terial is then referred to as being poled. The degree of 
orientation or poling is a function of the material’s tem 
perature, the applied ?eld strength, and the length of 
time the ?eld is applied. For example, in polyvinylidene 
?uoride ?lm, substantial poling begins when the ?lm is 
heated to a temperature greater than 90°C. and an elec 
tric ?eld of about 4000 volts per millimeter of thickness 
is applied for 15 minutes while the ?lm is above this 
temperature. Increasing the temperature and/or the ap 
plied ?eld will increase the degree of poling until the 
?lm is saturated. Once the poled ?lm is cooled below 
the poling temperature, the ?eld may be removed and 
the dipoles will remain oriented. Care should be taken 
to avoid reheating the permanently poled sheet to a 
temperature above its poling temperature which will 
randomize the dipoles. 
The pyroelectric polymeric materials to be perma 

nently poled can be heated by various means well 
known in the art. Among the heating means contem 
plated in the use of this invention are hot oil baths, 
warm air ovens, lamps, electromagnetic radiation, elec 
tron beams, etc. The heat can be applied to a material 
which is stationary or moving relative to the heat 
source. 

The electric ?eld used to orient the dipoles can be 
applied in a variety of ways, i.e. ?at metal contacts, c0 
rona, pointed metal contacts, electromagnetic radia 
tion, etc. ' 

The permanent poling can be selectively applied by 
the application of a variable electrical potential to the 
heated pyroelectric polymeric material, such electrical 
potential being varied in accordance with the pattern 
to be copied. Various means, such as shaped elec 
trodes, can be used to accomplish the poling, the nor 
mal poling potential being in the range of 50,000 to 
100,000 volts per millimeter of thickness. In the alter 
native, it is possible to selectively and permanently pole 
a pyroelectric material by applying a constant ?eld and 
selectively heating the material. 
The selectively, permanently poled polymeric ?lm 

can be used to form multiple copies representative of 
the selective poling. The selectively, permanently poled 
?lm is subjected to a change in temperature which may 
be conveniently accomplished by a heat source such as 
a radiant heating element. The change in temperature 
induces a charge pattern on the ?lm’s surface represen 
tative of the selective poling since the charge formed is 
proportional to the degree and the magnitude of the 
temperature change of poling. A sequence of steps 
such as cooling, neutralizing and heating, or heating, 
neutralizing and cooling can also be used to form a 
charge pattern. Such a sequence of steps permits toning 
at ambient temperature. 
After a charge pattern has been induced on the ?lm’s 

surface by heating or cooling, the ?lm’s surface is con 
tacted with charged toner particles which adhere to op 
positely charged portions of the ?lm’s surface. The 
amount of toner which adheres to the ?lm is dependent 
on the magnitude of the induced charge, which, as 
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mentioned, varies directly with the degree of poling 
present. 
The toner particles adhering to the ?lm can be trans 

ferred to a suitable copy material, e.g., a sheet of paper 
using techniques well known in the art. The process of 
heating the selectively, permanently poled material, 
contacting the heated material with charged toner par 
ticles, and transferring the particles from the poled ma 
terial to a copy material can be repeated until the de‘ 
sired number of copies has been printed. 
The selectively, permanently poled pyroelectric ma 

terial thus provides a permanent master. Accordingly. 
the method described is considered a method for print 
ing in that multiple copies are made from a permanent 
master as opposed to a method for copying where for 
each copy it is necessary to use the original pattern to 
be copied. 
The method will be described in greater detail in con 

nection with FIGS. 1 and 2. A sheet of pyroelectric ma 
terial 12 is placed between electrodes l4, l6, electrode 
16 being transparent with respect to light. A graphic 
pattern 18 is placed between pyroelectric material 12 
and light source 20 so that the pyroelectric material is 
selectively heated. A voltage is applied across pyroelec 
tric material 12 while it is heated and the pyroelectric 
material then allowed to cool with the ?eld applied to 
selectively and permanently pole the pyroelectric ma 
terial 12 in accordance with graphic pattern 18. 
The selectively and permanently poled material 12 

can be used to print numerous copies of the original 
graphic representation, one example of a suitable appa 
ratus being shown in FIG. 2. The selectively and perma 
nently poled sheet 12 is attached to rotatable drum 24, 
and the apparatus positioned so a portion of poled 
sheet 12 is in toner solution 30. The drum 24 is con 
nected to ground potential. As drum 24 is turned coun 
terclockwise any charges on the surface of sheet 12 are 
removed by neutralizer 26 which may, for example, be 
an alpha particle eliminator. Sheet 12 is then heated by 
heating means 28 to develop-a charge pattern on the 
surface of the sheet. The charge pattern so produced 
will be in accordance with the selective, permanent 
poling that was produced earlier. The sheet 12 is then 
passed into toner solution 30 containing charged parti 
cles 32, the particles being attracted to the sheet 12 in 
proportion to the charge presented by the charge pat 
tern. The particles are transferred to a suitable copy 
material, e.g., a sheet of paper, and the particles fused 
to the material by suitable means well known in the art. 
This transfer may be accomplished with the apparatus 
of FIG. 2 wherein a sheet of paper 34 for receiving the 
charged particles 32 attracted to the sheet 12 is carried 
on a drum 36 which rotates clockwise as drum 24 is 
moved counter-clockwise. Only the steps following the 
selective and permanent poling of the material 12 need 
be repeated for each copy that is desired. 
A further understanding may be had by referring to 

the following nonlimiting examples. It is to be under 
stood that the invention is not limited to the illustrative 
embodiments set forth herein. 

EXAMPLE 1 

A sheet of2 mil (0.05 mm.) biaxially oriented polyvi— 
nylidene ?uoride ?lm 5 inches by 12 inches (about 
12.7 cm. by 30.5 cm.) was poled by: heating the sheet 
to 150°C. in a mineral oil bath, impressing a ?eld of 
+3000 volts in one area and —3000 volts in another 
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4 
area by means of copper electrodes. then cooling the 
bath to 50°C. with the ?elds applied. The sheet was Fi 
nally cooled to room temperature. 
One side of the sheet was grounded and an alpha par 

ticle eliminator used to neutralize any extraneous 
charges on the ungrounded side. The neutralized sheet 
was dipped into a toner solution, (“Graphofax", a 
trademarked product of Dennison), maintained at 
55°C. The elevated temperature (55°C.) developed a 
negative charge in the areas poled by the —3000 Volt 
?eld. 
The sheet with the toner particles was removed from 

the toner solution and the toner particles transferred to 
an adhesive coating giving a print of the electrode pat 
tern. 

When the toner solution was cooled below room tem 
perature to 10°C. the poled areas exposed to the +3000 
volt ?eld developed a negative charge which attracted 
the toner particles. 
Thus a printing master can be made on pyroelectric 

?lm which can be used to print images formed by selec 
tively poling of the pyroelectric ?lm using different 
electric ?elds. 

EXAMPLE 2 

A web of polyvinylidene ?uoride 0.05 millimeter 
thick and 6.25 millimeters wide was poled by passing 
the sheet into a divided oil bath. The hot oil was main 
tained at 130°C. and the cool oil bath at 35°C. The ?lm 
moved through the hot oil and between two flat elec 
trodes where a sinusoidal varying frequency electric 
?eld was applied, the voltage ranging from 3000 to 
8000 volts and then into the cooler oil forming a per 
manently, differentially poled material. 
One side of the permanently poled material was aero 

sol coated with a silver ?lm and grounded. 
The sample was heated about 30°C. above room tem 

perature, neutralized using a conductive brush (avail 
able as a “Pluton” brush) and the sample cooled. The 
resulting sheet had a selective charge pattern corre 
sponding to the variations in the electric ?eld, the 
higher charges corresponding to the higher ?eld poten 
tial and vice versa. 
The charge pattern formed faithfully reproduced the 

wave form used and decayed less than 10 percent in 
several (3 — 4) hours. 
The selective charge pattern was developed by plac 

ing the sheet with its charges in the liquid toner solution 
of Example 1 at room temperature. The charged toner 
particles were attracted to the selective charge pattern. 
The toner particles were transferred to a sheet of paper 
and fused to the paper at 180°C. to form a printed copy 
of the original pattern. 
A second method of developing the selective charged 

pattern was used. An elastomeric roller with permanent 
magnets inside was coated with electrically charged 
magnetic toner particles. As the roller was moved over 
the sheet the charge pattern attracted the charged par 
ticles developing the pattern. The particles were trans 
ferred to paper and fused above. 

EXAMPLE 3 

A circular 12 cm. diameter by 0.05 cm. thick piece 
of ceramic lanthanum doped lead-zirconate~titanate 
having a composition of 57 weight percent lead zircon 
ate, 31 percent lead titanate and 12 weight percent lan 
thanum was formed. 
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A striped pattern of silver electrodes was painted on 
one surface of the electrode and a ground electrode 
formed on the opposite surface. 
The sample was heated to 200°C, a ?eld of 4000 

volts applied to the strip electrodes, and the sample 
cooled in the presence of the applied ?eld to room tem 
perature. 
The strip electrodes were removed and the selec‘ 

tively, permanently poled ceramic disc was placed in 
the toner solution of Example 1 which had been 
warmed to 50°C. with the ground electrode connected 
to ground. The heat formed a striped charge pattern on 
the ceramic disc which attracted the charged toner par 
ticles. 
What is claimed is: 
l. A method for printing an image pattern using a 

permanent master provided by a selectively, perma 
nently poled pyroelectric material comprising the steps 
of: 
l. heating a pyroelectric material to a poling tempera 
ture and exposing the heated material to an electric 
field, the combination of electric ?eld and heat being 
applied to only selected portions of the pyroelectric 
material in accordance with an image pattern to be 
printed; 

2. cooling said pyroelectric material to a temperature 
below said poling temperature while maintaining said 
electric ?eld whereby the pyroelectric material is se 
lectively, permanently poled in accordance with the 
image pattern to be printed; 

3. heating the poled material uniformly to develop a 
charge pattern in accordance with the selective pol 
ing present in the material; 

4. contacting the heated film with charged toner 
particles which are attracted to the pyroelectric 
material in accordance with the charge pattern; 

5. placing a suitable copy substrate in registry on the 
material and toner to transfer said toner from said 
material to said copy substrate; 

6. fusing said toner to said copy substrate; and repeat 
ing the steps after step 2 to form the desired number 
of copies. 
2. The method of claim 1, where said pyroelectric 

material is polymeric ?lm. 
3. The method of claim 2, where said ?lm is polyvi 
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nylidene ?uoride. 

4. The method of claim 1, where said pyroelectric 
material is lead-zirconate—titanate. 

5. The method of claim 1, where said heating step is 
carried out by use of a radiant heat source. 

6. The method of claim 1, comprising the additional 
steps of cooling the poled material; and 
neutralizing the charge produced prior to step 3. 

7. A method for printing using a permanent master 
provided by a selectively, permanently poled pyroelec 
tric material comprising the steps of: 
1. heating a pyroelectric material to a poling tempera 
ture and exposing the heated material to an electric 
?eld, the combination of electric ?eld and heat being 
applied to only selected portions of the pyroelectric 
material in accordance with an image pattern to be 
printed; 

2. cooling said pyroelectric material to a temperature 
below said poling temperature while maintaining said 
electric ?eld whereby the pyroelectric material is se 
lectively, permanently poled in accordance with the 
image pattern to be printed; 

3. cooling the poled material uniformly to develop a 
charge pattern in accordance with the selective pol 
ing present in the material; 

4. contacting the cooled film with charged toner parti 
cles which are attracted to the material in accor 
dance with the charge pattern; 

5. placing a suitable copy substrate in registry on the 
material and toner to transfer said toner from said 
material to said copy substrate; 

6. fusing said toner to say copy substrate; and repeating 
the steps after step 2 to form the desired number of 
copies. 
8. The method of claim 7, where said pyroelectric 

material is polymeric ?lm. 
9. The method of claim 8, where said ?lm is polyvi 

nylidene ?uoride. 
10. The method of claim 7, where said pyroelectric 

material is lead-zirconate-titanate. 
11. The method of claim 7, comprising the additional 

steps of heating the poled material; and 
neutralizing the charge produced prior to step 3. 
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